Objective: The purpose of this article is to describe the clinical response to multimodal chiropractic treatment of a patient diagnosed with Ehlers-Danlos syndrome, hypermobility type (EDS-HT), and chronic pain. Clinical Features: A 22-year-old woman presented with severe chronic neck and low back pain, headaches, and bilateral hand pain and stiffness. In addition to these pain complaints, the patient had a family history of EDS, weekly or daily recurring joint dislocations, and upper and lower extremity joint hypermobility. As a result of her significant history and examination findings, which met the Brighton and Villefranche criteria, she was diagnosed with EDS-HT. Interventions and Outcomes: Treatment primarily consisted of low force joint manipulative therapy and soft tissue therapy intermittently over 21 months concurrently with conventional and complementary medical care. Multiple outcome questionnaires were administered pragmatically at follow-up intervals of 3, 5½, 8½, 19, and 21 months, including but not limited to the Headache and Neck Disability Indices and the Oswestry Low Back Questionnaire. The patient had clinically meaningful improvements on the Neck Disability Index, the Headache Disability Index, and the Revised Oswestry after 3, 5½, 8½, and 21 months from baseline. Conclusion: This patient with EDS-HT had clinically meaningful decreases in disability, headache, and spine pain after a course of multimodal chiropractic care combined with conventional and complementary medical care. (J Chiropr Med 2017;16:147-155) 
INTRODUCTION
Ehlers-Danlos syndrome (EDS) is a clinically and genetically heterogeneous group of disorders of connective tissue which cause various amounts of tissue fragility involving the skin, ligaments, blood vessels and internal organs. 1 According to the most recent classification standards, EDS consists of 6 main subtypes with the hypermobility type (EDS-HT) being considered the most common subtype 2 (Table 1) . Although there have been no systematic epidemiological studies examining the true incidence of EDS-HT, it has been proposed that EDS-HT has a frequency of 0.75-2% 3 and is known to be more common among nonwhite populations and women. 4 Like in other EDS subtypes, EDS-HT is thought to be caused by mutations in gene encoding collagen chains but molecular based studies have yet to prove this theory true and as a result the etiology of EDS-HT remains unknown. 2 EDS-HT is also known as joint hypermobility syndrome (JHS) due to both conditions having similar clinical features. 2, 5 The similar clinical features of both conditions include generalized joint hypermobility, abnormal skin signs, reoccurring joint dislocations, chronic joint/extremity pain, and a positive family history. The diagnosis of EDS-HT is made with either the Brighton or the Villefranche criteria 2, 6 (Table 1; Figs 1 and 2) . Both sets of criteria use similar history and examination findings to substantiate the diagnosis. Important findings to the diagnosis criteria include the amount and duration of arthralgia, extent of joint dislocations/subluxations, presence of various soft tissue lesions, and number of joints with joint hypermobility/laxity (on examination). Because the molecular basis of EDS-HT remains unknown, there is no confirmatory laboratory or molecular test to diagnose this EDS subtype. Several studies have reported higher rates of pain in patients with EDS-HT compared with those patients without it, but these findings are not universal. [7] [8] [9] [10] [11] [12] [13] Rigorous high-quality treatment studies (eg, randomized controlled trials) of EDS-HT patients with spinal pain are , %  70  -42  36  38  60  42  HDI, %  72  -36  38  44  74  30  Oswestry, %  74  -16  22  40  44  38  LEFI, %  68  -48  20  30  --UEFI, %  -44  22  12 14, 15 Both reported a benefit of various forms of exercise and physiotherapy on patients with knee pain and with unspecified pain. It is generally recommended that the best management strategy should be a multidisciplinary approach including physical therapy, cognitive behavioral therapy, pharmacology, and adherence to lifestyle recommendations. 2, 16 These general recommendations are helpful and an important step in addressing this complex condition, but because it is based on limited and weak (low) levels of evidence such as case studies and expert opinion it should be viewed with some caution. Within these recommendations, caution should be directed at the role of analgesic medications, including opioids, for patients with this condition given reports of ineffectiveness and potential adverse reactions involving the gastrointestinal system and addiction. 2, [16] [17] [18] [19] [20] The role of physical therapy or physiotherapy also should be investigated further because of accounts of ineffectiveness and questions about long-term efficacy. 16, 20 Presently the prognosis of EDS-HT regarding long-term amelioration of symptoms is poor. At this time, the best conventional medicine can do is provide short-term, partial, or complete relief of symptoms. 2 Because of these known limitations regarding proposed treatment and poor prognosis, it is important to explore other treatments. Specific spinal manipulative therapy techniques performed by chiropractic physicians might offer a safe and effective option for EDS-HT patients. The role of a "low"-force chiropractic manipulative technique combined with either soft tissue therapy or exercise has been reported to have some promise at decreasing pain in EDS-HT patients, but it has only been studied to a limited extent as demonstrated in a few case reports. 17, 21, 22 The purpose of this case report is to describe the effects of multimodal spinal manipulative treatment on a patient diagnosed with EDS-HT and severe, chronic pain.
CASE REPORT
Baseline Visit: August 30, 2011 Patient History.
A 22-year-old white female presented with primary complaints of neck pain, headaches, low back pain, and bilateral hand and finger pain and stiffness in August 2011. All areas were rated 8/10 for average pain, 6/ 10 at initial visit, 5/10 for best pain, and 10/10 for worst pain using the Numeric Pain Rating Scale. 23, 24 The neck and low back pain and headaches all began insidiously at about 14 years of age. The neck was described as having a constant tight feeling localized to the posterior cervical spine, upper trapezius, and posterior shoulders bilaterally. The patient stated that turning her head side to side increased her neck pain, whereas rubbing the painful areas helped decrease it. She associated the neck pain with occasional numbness and tingling in the right and left hands. Her initial Neck Disability Index (NDI) score was 70%, which indicated frequent difficulty concentrating, working, and sleeping and reduced time spent participating in recreational activities. The NDI is recognized as a reliable and valid means of assessing the disability of patients with neck pain. 25 , 26 The patient's low back pain was localized to the lumbar spine and sacroiliac region and was described as a constant achiness aggravated by multiple daily tasks such as sitting still and frequent hip dislocations. The pain was primarily lessoned by general movement, prescription pain medication (methadone), and self-administered hip joint reduction using a medicine ball. Her initial Revised Oswestry Low Back Questionnaire (OLBQ) score was 74%, which indicated severe disability. According to the questionnaire, her low back and sacroiliac joint pain caused substantial restrictions in her daily life including but not limited to her ability to sit for more than 10 minutes, walk more than a quarter mile, and stand for longer than 10 minutes at a time. Also, because of her pain, her normal night's sleep was reduced by half. The Lower Extremity Functional Index (LEFI) questionnaire also indicated similar activity limitations (initial score was 68%) as the OLBQ, including not participating in any recreational/sports activities and having to use only slow and concise movements when washing and dressing. The LEFI, which measures the patient's ability to perform activities of daily living by self-report (walking, etc), is reported to be reliable as a general index for lower extremity disorders. 27 The OLBQ, which assesses disability levels associated with low back pain, has been reported to have good reliability and has been responsive to clinically meaningful change. [28] [29] [30] [31] [32] The patient also presented with bilateral wrist, hand, and finger pain and stiffness. Although generalized hand movement helped decrease the pain intensity, the pain was described as sharp and constant throughout the day. Dislocations of her left and right second proximal interphalangeal joints and metacarpophalangeal (MCP) joints had occurred daily until she starting wearing stabilizing bracelets. Her initial Upper Extremity Functional Index (UEFI) score was 44%, representing marked restrictions when she lifted, pushed, or pulled items. As a result of these limitations, her work, recreational, and social activities suffered. The UEFI was modified for use in the teaching clinic and does not have any reliability or validity research on its use.
Headaches with associated lightheadedness were another problem in which she reported at her initial visit. Her initial Headache Disability Index (HDI) score was 72%, indicating a high degree of disability. 33 Analogous to other areas of pain, she reported her headaches often affected her social life (social gatherings), emotional well-being, traveling, recreational activities and hobbies, and thinking. Like many other patients with EDS-HT and widespread pain, our patient also presented with recurring joint dislocations occurring many times a week, sometimes daily, in her second proximal interphalangeal/MCP joints, elbows, shoulders, right fifth and sixth ribs, and hip joints. The patient didn't report any types of self/home care including any dietary changes prior to seeking care at our clinic.
Before her initial visit with us the patient experienced several months of exacerbations and remissions of fevers; red, itchy, and dry eyes; skin hives or rash; swollen neck glands; swelling of the hands and feet; leg cramps; and chronic bladder infections. She was subsequently diagnosed with systemic lupus erythematosus and was prescribed mycophenolic acid (CellCept) by her rheumatologist. Before receiving care (and during care) at our clinic, the patient was treated with low-dose methadone (10 mg 3 times daily), cyclobenzaprine (Flexeril), and lidocaine patches (Lidoderm) to help her manage her pain. Since 19 years of age, she had been unable to attend college courses or remain employed. During this same period, the patient was diagnosed with fibromyalgia, EDS-HT, and Raynaud phenomenon by her rheumatologist. In addition to the pain medications, she also was prescribed medications to manage her depression and ulcerative colitis. At 15 years of age, the patient had bilateral carpal tunnel release surgery for carpal tunnel syndrome and chiropractic care for low back and neck pain. Family history revealed the presence of JHS/EDS-HT in her mother, confirmed by the presence of 4 minor criteria (low back pain for longer than 1 year, history of thumb and temporomandibular joint dislocations, myopic vision, and varicose veins in posterior knees bilaterally) on history and examination.
Initial Examination.
The orthopedic examination of the cervical and lumbopelvic spinal regions produced mechanically induced nociceptive type pain in both regions. Cervical spine stretching and compressive tests produced achy pain in the cervicothoracic junction paraspinally, whereas lumbopelvic stretching and compressive tests caused sharp pain localized to the left and right sacroiliac joint region. The orthopedic testing of both wrists also caused mechanically induced nociceptive pain specifically at the radioulnar-carpal joint complex. Orthopedic testing of both hips was not possible because of the severity of her lumbopelvic pain presentation. Cervical and lumbopelvic active and passive range of motion produced localized pain with range visualized within normal limits. Cervical active and passive range of motion produced achy pain at the cervicothoracic junction in almost all directions, with lumbopelvic active and passive range of motion triggering sharp pain in both sacroiliac joints. Hip active and passive range of motion was decreased in both hips, eliciting sharp pain. The postural examination in the coronal view displayed a forward head carriage, protracted shoulders, posterior pelvic tilt where the sagittal view indicated a high left shoulder, bilateral scapular winging, and a high right iliac crest. Overactivity of the upper trapezius muscles was indicated by a "failed" shoulder abduction movement pattern test. The soft tissue palpation examination revealed multiple tender and hypertonic spinal areas consistent to the location of the chief complaints. The segmental joint motion examination indicated hypomobilities in the upper cervical, upper and lower thoracic, right sacroiliac, and multiple left wrist joints. In addition to the previously diagnosed conditions of EDS, fibromyalgia, systemic lupus erythematosus, and Raynaud, the patient was diagnosed with cervical and lumbopelvic myalgia, bilateral carpal tendinopathy, idiopathic headaches, and joint dysfunction of the cervical, thoracic, sacroiliac, and wrist regions.
Examination for EDS-HT
Because the EDS-HT examination procedures are not part of the standard examination performed on the initial visit by interns, the examination for EDS-HT was performed on June 20, 2013, to evaluate the severity and to confirm the EDS-HT diagnosis for this case report. The patient's Beighton score was a 3 out of 9. Range of motion of the elbows, knees, and fifth MCP joint was measured with a 2-arm goniometer with thumb opposition, and lumbopelvic flexion visually observed. Positive Beighton findings (counting toward the total Beighton score of 3) were left elbow (humeroulnar joint) hyperextension at 20°, right elbow hyperextension at 18°, and right knee hyperextension at 10° (Figs 3-5) . Left knee hyperextension (5°), left and right fifth MCP joints (less than 90°), left and right thumb opposition, and lumbopelvic forward flexion were all negative Beighton findings. The physical examination of the patient's hip and iliac crest region revealed skin striae bilaterally in these regions. The patient displayed no signs of skin hyperextensibility or abnormal scarring commonly seen in the classic subtype and no molecular testing had been performed because of the high costs of such tests.
Confirmation of the EDS-HT diagnosis was made by the presence of 4 minor Brighton Criteria (Beighton score = 3, 10-year history of low back pain, history of joint dislocations in more than 1 joint, and skin striae) and confirmation of EDS-HT diagnosis in her mother. The patient also had Villefranche diagnostic findings including the presence of 1 major (generalized joint hypermobility) and 3 minor criteria (recurring joint dislocations, chronic joint/limb pain, and positive family history).
INTERVENTIONS AND OUTCOMES

Treatment
Generally, the multimodal treatment consisted of joint manipulation combined with soft tissue treatment. The most common type of manipulation (applied to 33 of the 34 visits) administered was a mechanical force, manually assisted technique applied by the Activator IV adjusting instrument to the spine and pelvis and at times the extremities (41% of the time). 34 This instrument allows for a specific, low-force impulse to the vertebral and extremity joints. Gentle drop-table technique was administered to the hip joints on 7 visits, and modified high-velocity, low-amplitude spinal manipulation was performed to the cervical spine on 15 visits. 35 In accompaniment with joint manipulation techniques, a soft tissue technique was used in 68% of the visits, with Graston technique applied most often and manual myofascial release and post-isometric relaxation technique performed on 5 visits. 36, 37 All examinations and outcome assessments (except for the EDS-HT examination) and treatment were performed at a chiropractic college outpatient clinic by qualified chiropractic interns under the direction of a licensed doctor of chiropractic. The EDS-HT examination was performed by the lead author. In addition, the patient received limited complementary medical care since starting chiropractic treatment at the college clinic. The complementary care consisted of massage therapy (2 times/y), dietary changes, and relaxation exercises with an outside therapist. Also, during the chiropractic care, the patient was concurrently seeing a rheumatologist and her general practitioner.
Outcomes
The NDI, HDI, and Revised OLBQ were administered pragmatically at follow-up intervals of 3, 5½, 8½, 19, and 21 months. The initial UEFI was administered 1 month after the other outcome measures were administered and at follow-up intervals of 2, 5, and 8 months. The patient received 34 treatment visits intermittently over a 21-month period with the majority of the treatment (26 visits) over the first 12 months. After 12 months of care, the patient dropped out of care for 7 months for unknown reasons. After the 7 months of no care, the patient returned to our clinic in April 2013 for 8 visits over a period of 2 months. The patient had clinically meaningful improvements on the NDI, the HDI, and the Revised Oswestry after 3, 5½, and 8½ months from baseline 2, 32, 33, 38 (Table 2) . Also, after 21 months from baseline, the NDI and the HDI but not the Revised Oswestry indicated clinically meaningful improvements. According to the NDI 8½-and 21-month follow-up scores, the patient reported less intense neck pain and improvements performing many daily tasks such as concentrating, sleeping, and participating in recreational activities. Her sleeping time was one of the largest improvements made, from 3 to 5 hours sleepless at baseline to less than 1 hour sleepless after the 8½-month follow-up. Her Revised Oswestry and HDI indicated improvements in daily tasks similar to the NDI. Social activities and sitting had the greatest improvement after 8½ months, according to the Revised Oswestry. It also appears the patient had clinically meaningful improvements after 8½ months on the LEFI and the UEFI, but further research is needed to define the amount of change that constitutes clinically meaningful improvements on these questionnaires. Qualitatively, the UEFI indicated the patient made mild improvements with reaching tasks and pushing and pulling jobs after 8½ months but still had disability present with these roles. The LEFI indicated positive progress with her personal care, recreational activities, and sitting and standing tasks after 8½ months, like the Revised Oswestry. The Patient Global Impression of Change scale (PGIC) indicated the patient was "much better" at the 21-month follow-up. The PGIC is a self-reported 7-point Likert scale in which a patient assesses his or her degree of change since starting treatment, ranging from very much better to very much worse. The PGIC has been well validated and has been commonly used by pain researchers as a standard outcome instrument. [39] [40] [41] [42] On a qualitative postcare questionnaire that asked about the importance of chiropractic care to the patient, the patient stated, "It was so very valuable, I can't even think where I might be without it!…It has given me my life back and I'm very thankful for my chiropractic care!"
The patient gave consent for this study to be published, and the study was exempt from review by the college's Institutional Review Board.
DISCUSSION
This is one of only a few case reports describing the results of multimodal chiropractic care of a patient with EDS, hypermobility type, and chronic pain. 17, 21, 22 The results of the outcome indices indicated that the patient had clinically meaningful improvements on the NDI, the HDI, and the Oswestry from baseline through 8½ months. A similar pain reduction was also identified with the patient's NDI and HDI scores after the second round of treatment in June 2013 and with the LEFI and the UEFI scores from baseline to 8½ months. The reduced pain and disability identified in this patient was similar to other EDS patients treated with multimodal chiropractic care. Colloca and Polkinghorn 17 reported on 2 chronic pain patients who had decreased pain and disability after being treated with a mechanical force, manually assisted technique (applied by the Activator II adjusting instrument) combined with stabilization and postural corrective exercises. Similar results were obtained in other EDS/JHS patients who received comparable forms of multimodal chiropractic care. 21, 22 It is noteworthy to convey that the patients in Colloca and Polkinghorn's case report not only had reduced pain and disability but were able to reduce their pain and anti-inflammatory medication usage during and after their chiropractic treatment. Because medication usage was not an outcome measure in this study, it is not known whether our patient had any medication usage changes as a result of her reduced pain during or after her chiropractic care. In future studies, medication usage would be a valuable outcome to track because many EDS patients are prescribed pain medications and have adverse reactions. 20 The patient's lack of full recovery observed in this case report is typical of patients with EDS-HT treated for chronic pain. In a small study by Ashton, 43 9 EDS/JHS patients with chronic back pain had poorer physical outcome measurements after 3 months compared with those with chronic back pain without EDS/JHS. Patients with EDS or EDS-HT often have exacerbations of pain symptoms and disability as observed in Colloca and Polkinghorn's case report and others. 17, 21, 22 The common occurrence of exacerbations may explain in part why EDS/EDS-HT patients usually don't have a full recovery and often still have disability after improvements are reported on the outcome measurements. As in Colloca and Polkinghorn's and Morley and Perrault's case reports, the patient's exacerbations can be from normal activities of daily living without any physical traumatic event reported. Our patient had frequent random joint dislocations or subluxations that occurred with normal activities of daily living.
Limitations
Given that this is a case report it is not understood what factors were precisely responsible for the outcomes, but considering that headaches, neck pain, and low back pain tend to follow a recurrent and continual natural course, [44] [45] [46] [47] [48] [49] combined with the patient's positive outcome scores, it is hypothesized the multimodal chiropractic treatment was at least partially responsible for the patient's reduced pain and disability. It is also possible that the other nontreatment variables such as natural illness progression/course and or the lifestyle changes or other treatment (eg, relaxation exercises) contributed to her decreased symptoms. Another limitation important to mention that may have affected the patient outcomes pertains to treatment delivered by interns. It is difficult to speculate what affect intern treatment (vs experienced doctor's treatment) may have had on this patient, but it is possible the outcomes could have been better if the treatment was provided by a more experienced, licensed doctor of chiropractic. It is noteworthy to state that the interns who provided the treatment achieved basic competencies in their respective course work before applying it on the clinic patient.
In this particular case, the patient appeared to experience clinical benefit from the multimodal low-force chiropractic treatment when combined with other medical care. This case report is notable to health care providers, especially doctors of chiropractic, because of the low amount of experimental research on effective conservative treatment of EDS-HT. Because there is no single treatment that provides complete long-term pain relief in these patients, it is vital that more clinical research in the form of case reports or series or controlled studies on multimodal low-force chiropractic treatment are conducted in EDS-HT patients.
CONCLUSION
This case report is important because it describes the positive response of 2 trials of multimodal low-force chiropractic treatment combined with conventional and complementary medical care in a patient diagnosed with EDS-HT and severe chronic pain. The relationship between multimodal low-force chiropractic care and its effect on patients with chronic pain and EDS-HT needs further study.
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Practical Applications
• This study presents similar positive outcome findings observed in other studies on EDS-HT and multimodal chiropractic care.
• Multimodal chiropractic care consisting of low force joint manipulative therapy and soft tissue therapy may help decrease pain and disability in individuals with EDS-HT.
• The results from this study may be valuable due to the lack of any long term cure available for patients with EDS-HT.
